We have shown previously that H11, a serine/threonine kinase, is up-regulated in a heart subjected to ischaemia/reperfusion. In the present study, we have characterized the cellular function of H11, using neonatal rat cardiac myocytes. Although transduction of adenovirus harbouring H11 at low doses increased the cell size, at higher doses it induced apoptosis in cardiac myocytes. Apoptosis was not observed when adenovirus harbouring H11-KI (kinaseinactive mutant of H11) was used, suggesting that the proapoptotic effect of H11 is kinase-dependent. The hypertrophic effect of H11 at high doses was unmasked when apoptosis was inhibited by the caspase inhibitor DEVD-CHO, suggesting that H11 stimulates both hypertrophy and apoptosis in parallel. H11-KI induced hypertrophy even at high doses, indicating that H11 stimulates hypertrophy through kinase-independent mechanisms. H11-KI activated Akt, and cardiac hypertrophy induced by H11-KI was blocked by LY294002, an inhibitor of phosphoinositide 3-kinase.
INTRODUCTION
An important therapeutic target in the treatment of heart diseases could be the protection of cardiac myocytes from cell death, such as apoptosis caused by myocardial I/R (ischaemia/reperfusion). Apoptosis has been implicated as an important mechanism promoting the loss of cardiac myocytes in the failing heart [1] . Myocyte apoptosis has been demonstrated in human myocardial infarction [2, 3] , as well as in animal models of I/R [4] [5] [6] [7] . Although several components of the proapoptotic signalling mechanisms exist in cardiac myocytes [7] [8] [9] [10] [11] [12] [13] , the signal-transduction mechanism through which I/R causes apoptosis in cardiac myocytes is not fully understood. To address this issue, we conducted subtraction hybridization analysis and identified several genes regulating the growth and death of the cardiac myocytes whose expressions are affected in a swine model of ischaemia.
One of the genes up-regulated in the ischaemic swine heart was H11 [14] . H11 is a 22 kDa protein abundantly expressed in skeletal muscles, placenta and heart [15] , and shares homology with the protein kinase domain in the large subunit of herpes simplex virus type 2 ribonucleotide reductase (ICP10) [16] . ICP10 phosphorylates RasGAP, thereby stimulating cell proliferation [17] [18] [19] . H11 also has protein kinase activity, and 293 cells transfected with H11 exhibit anchorage-independent growth in a kinase activity-dependent manner [16] . H11 was found by its homology with the C-terminal α-crystallin domain of the sHsp (small heat-shock protein) family and is referred to as HspB8 [20] or Hsp22 [21] . H11/HspB8/Hsp22 physically interacts with Hsp27 and other sHsps [21, 22] , thereby potentially affecting the function of the sHsp family, which generally has a cell-protective role in cardiac myocytes [23] .
Although we and others have previously suggested that H11 has cell-growth-stimulatory effects [16, 24] , recent evidence suggests that H11 induces apoptosis in melanoma cells [15] . In our preliminary studies, we also found that high levels of H11 overexpression caused cell shrinkage in neonatal cardiac myocytes, despite the fact that moderate levels of H11 overexpression cause significant increases in protein/DNA content. This indicates that the cellular function of H11 is probably not only cell-type-specific but also dose-dependent. Thus the goal of the present study was to test our hypothesis that H11 has dose-dependent dual functions in cardiac myocytes: hypertrophy at moderate levels and apoptosis at high levels of expression. We also examined the signalling mechanism by which H11 mediates hypertrophy and apoptosis in cardiac myocytes. We provide evidence that a kinase-independent mechanism of H11 mediates hypertrophy, whereas kinase-dependent inhibition of an anti-apoptotic protein kinase, CK2 (casein kinase 2), promotes cardiac myocyte apoptosis.
MATERIALS AND METHODS

Materials
Rabbit polyclonal antibody was raised against the N-terminal rat H11 peptide CGESSFNNELPQDNQEVT (Biosource International, Camarillo, CA, U.S.A.) and affinity-purified. Anti-CK2α antibody (rabbit polyclonal) and anti-c-myc antibody (9E10, monoclonal) were purchased from Santa Cruz Abbreviations used: CK2, casein kinase 2; DRB, 5,6-dichloro-1-β-D-ribofuranosyl-benzimidazole; H11-KI, kinase-inactive mutant of H11; I/R, ischaemia/reperfusion; MOI, multiplicity of infection; sHsp, small heat-shock protein; XIAP, X-linked inhibitor of apoptosis. 1 To whom correspondence should be addressed (email sadoshju@umdnj.edu).
Biotechnology (Santa Cruz, CA, U.S.A.). Cleaved caspase 3 (Asp 175 ) antibody was purchased from Cell Signaling Technology (Beverly, MA, U.S.A.). Myelin basic protein and casein were purchased from Sigma. DRB (5,6-dichloro-1-β-D-ribofuranosylbenzimidazole), a specific CK2 inhibitor [25] , LY294002 and DEVD-CHO were purchased from Biomol (Plymouth Meeting, PA, U.S.A.).
Primary culture of neonatal rat ventricular myocytes
Primary culture of cardiac ventricular myocytes was prepared from 1-day-old Crl: (WI) BR-Wistar rats (Charles River Laboratories, Wilmington, MA, U.S.A.). After enzymatic digestion of the hearts, a cardiac myocyte-enriched fraction was prepared using Percoll gradient centrifugation. Cells were cultured in the cardiac myocyte culture medium as described in [26] . Culture media were changed to serum-free media after exactly 24 h. Cardiac fibroblasts were prepared as described in [27] . Myocytes and fibroblasts (passage 3) were cultured under serum-free conditions for 48 h before experiments. Total protein content and DNA content of cardiac myocytes were obtained as described previously [26] .
Immunostaining
Cells were fixed in PBS containing 4 % (w/v) paraformaldehyde, permeabilized in PBS containing 0.3 % Triton X-100 and blocked with 3 % (v/v) BSA. Immunostaining was performed using anti-H11 antibody (1:100 dilution), FITC-conjugated anti-rabbit IgG (1:200; Jackson Immunoresearch Laboratories, West Grove, PA, U.S.A.) and Texas Red-phalloidin (Molecular Probes, Eugene, OR, U.S.A.).
Analysis of DNA fragmentation by ELISA
Histone-associated DNA fragments were quantified by the Cell Death Detection ELISA (Roche, Indianapolis, IN, U.S.A.) [7, 11] . The values from triplicate measurements of absorbance A 405 were averaged.
Immunoblot analysis
Cells were lysed in a lysis buffer containing 220 mmol/l mannitol, 20 mmol/l Hepes (pH 7.4), 68 mmol/l sucrose, 10 mmol/l KCl, 1 mmol/l EGTA, 2 mmol/l MgCl 2 , 1 mmol/l EDTA, 1 mmol/l dithiothreitol, 0.1 mmol/l [4-(2-aminoethyl)benzenesulphonyl fluoride, 10 µg/ml aprotinin and 10 µg/ml leupeptin. Samples containing equal amounts of protein (50 µg) were subjected to SDS/PAGE.
Immunocomplex protein kinase assays
Myocytes were lysed as described above. Immunoprecipitation was performed by incubating the samples with 1 µg/ml rabbit polyclonal antibody against H11 or CK2 for 2 h, followed by the addition of Protein A-Sepharose for 1 h at 4
• C. The immunoprecipitates were washed three times with lysis buffer and once with a kinase assay buffer containing 20 mmol/l Tris/HCl (pH 7.5), 5 mmol/l MgCl 2 and 2 mmol/l MnCl 2 . Kinase reaction was initiated by the addition of 100 µM of unlabelled ATP, 5 µCi of [γ -32 P]ATP (6000 Ci/mmol) and 10 µg of substrate. Myelin basic protein and casein were used as substrates for H11 and CK2 respectively. After 30 min of incubation at 30
• C, reactions were terminated by the addition of Laemmli sample buffer and boiling for 15 min. Samples were resolved bySDS/12.5 % polyacrylamide gels. Phosphorylated substrates were detected by autoradiography.
Construction of the adenovirus vectors
Generation of Ad-H11 (adenovirus vectors harbouring H11) and Ad-XIAP (X-linked inhibitor of apoptosis) have been described in [11, 24] . H11-KI (kinase-inactive mutant of H11) was generated by mutating Lys 113 to a glycine residue [H11(K113G)] using Quik Change (Stratagene. La Jolla, CA, U.S.A.). Ad-H11, Ad-H11myc (H11 with myc-tag sequence in the C-terminus) and Ad-H11-KI were generated using the Adeno-X adenovirus construction kit (Clontech, Palo Alto, CA, U.S.A.). Ad-LacZ (adenovirus harbouring β-galactosidase) was used as the control.
Statistical analyses
Results are presented as means + − S.E.M. Statistical analyses were performed using ANOVA. A post hoc test was performed by the Tukey method. P < 0.05 was considered to be statistically significant.
RESULTS
Adenovirus-mediated transduction of H11 causes cardiac myocyte hypertrophy at low doses
Cardiac myocytes were transduced with Ad-H11 or Ad-LacZ and immunoblotting was performed using anti-H11 antibody. Cardiac myocytes expressed endogenous H11 and adenovirus transduction of H11 dose-dependently increased the expression of H11 (see the Supplementary Figures at http://www.BiochemJ.org/bj/ 388/bj3880475add.htm). At MOI (multiplicity of infection) = 100, H11 expression was increased by 4.9 + − 0.1-fold. A similar extent of up-regulation of endogenous H11 was induced in response to heat shock and pressure overload [15, 24] . Transduction of Ad-LacZ failed to affect the expression of H11.
We next examined the effect of H11 overexpression on the morphology of cardiac myocytes. Transduction of Ad-H11 at MOI = 1-10 increased the size of cardiac myocytes ( Figure 1A ), suggesting that H11 induces hypertrophy consistent with our previous observation [24] . Some myocytes exhibited shrinkage and death even when other myocytes showed enlargement ( Figure 1A ). Cell death became more prominent in many cells at MOI = 100 of Ad-H11 ( Figure 1A ). Consistent with these observations, transduction of H11 at low doses (MOI = 3-10) increased the total protein content/DNA content, reaching a peak at MOI = 10. However, at high doses, increases in protein/DNA content became less prominent, and at MOI = 100, they were not statistically significant ( Figure 1B ). Cardiac hypertrophy is also characterized by cytoskeletal organization. The extent of actin polymerization was evaluated by phalloidin staining. Although phalloidin staining exhibited a punctuated pattern in unstimulated or Ad-LacZ-transduced myocytes, it showed a striated pattern in myocytes treated with phenylephrine, an agonist for α1 adrenergic receptors, or transduced with Ad-H11 at MOI = 10. Again, neither organization of actin nor increases in cell size were clearly observed in myocytes transduced with Ad-H11 at MOI = 100 ( Figure 1C ).
Adenovirus-mediated transduction of H11 causes cardiac myocyte apoptosis at high doses
At lower magnification, phase-contrast microscopy showed that transduction of Ad-H11 at MOI = 100 increased cell shrinkage on day 2 ( Figure 2A ). It is unlikely that this was caused by either serum-free culture or the toxicity of adenovirus transduction alone, since neither serum-free culture alone nor transduction of Ad-LacZ induced similar changes (Figure 2A ). To examine whether the effect of H11 on cell shrinkage/death is cell-type-specific, we examined the effect of Ad-H11 transduction on cardiac fibroblasts. Ad-H11, but not Ad-LacZ, induced a marked increase in cell shrinkage/death in cardiac fibroblasts at a dose of MOI = 100 (results not shown).
Since cell death with shrinkage by H11 suggests apoptosis, we further examined whether cell death by H11 is apoptosis. DAPI (4,6-diamidino-2-phenylindole) staining indicated that transduction of Ad-H11, but not Ad-LacZ, induced nuclear fragmentation ( Figure 2B ). Transduction of Ad-H11 dose-dependently increased the cytoplasmic accumulation of mono-and oligo-nucleosomes, another important marker of apoptosis, whereas that of AdLacZ did not ( Figure 2C) . A significant increase in cytoplasmic accumulation of mono-and oligo-nucleosomes was observed when Ad-H11 was transduced at MOI > 10 ( Figure 2C ). Similar effects were observed in cardiac fibroblasts transduced with Ad-H11 (results not shown). Increases in cytoplasmic accumulation of mono-and oligo-nucleosomes by Ad-H11 were significantly suppressed in the presence of XIAP, suggesting that cell death induced by H11 is mediated by a caspase-dependent mechanism ( Figure 2D ). Increases in DNA fragmentation and its suppression by XIAP were also observed in response to chelerythrine treatment used as a positive control of cardiac myocyte apoptosis [11] (Figure 2D ). Taken together, these results suggest that cell shrinkage/death induced by H11 is mediated primarily by apoptosis.
H11-induced apoptosis is dependent on the protein kinase activity of H11
To examine whether the protein kinase activity of H11 is required to induce apoptosis in cardiac myocytes, we generated an adenovirus vector harbouring H11(K113G), a kinase-inactive mutant (Ad-H11-KI). Transduction of Ad-H11-KI in cardiac myocytes increased the expression of H11(K113G) ( Figure 3A , upper panel). Although transduction of Ad-H11 increased the total cellular kinase activity of H11, that of Ad-H11-KI failed to increase it ( Figure 3A, lower panel) . Transduction of Ad-H11-KI at MOI = 30-100 induced neither cell shrinkage/death ( Figure 3B ) nor cytoplasmic accumulation of mono-and oligonucleosomes ( Figure 3C ), but it increased the cell size ( Figure 3B ).
These results suggest that the protein kinase activity of H11 is required for H11-induced cardiac myocyte apoptosis.
Hypertrophy at high doses of H11 is unmasked by caspase 3 inhibitor treatment
To test whether the hypertrophic effect of H11 is masked by concomitant apoptosis, myocytes were transduced with Ad-LacZ or Ad-H11 in the presence or absence of DEVD-CHO, a cellpermeant caspase 3 inhibitor. Although DEVD-CHO did not significantly affect the morphology of untransduced or AdLacZ-transduced myocytes, it inhibited cell shrinkage and actually increased the cell size in myocytes transduced with Ad-H11 (MOI = 100; Figure 4A ). We confirmed that DEVD-CHO treatment inhibits the cytoplasmic accumulation of mono-and oligo-nucleosomes by Ad-H11 ( Figure 4B ). Quantitative analyses indicated that DEVD-CHO treatment unmasked a significant increase in protein/DNA content in myocytes transduced with Ad-H11 at MOI = 30 and 100 ( Figure 4C ). Treatment with DEVD-CHO alone did not affect protein/DNA content in control myocytes. These results are consistent with the notion that the mechanisms stimulating hypertrophy and apoptosis are co-activated, with apoptosis predominating at high levels of H11 overexpression. 
H11-induced cardiac hypertrophy is mediated by kinase-independent mechanisms
Since induction of apoptosis by H11 is mediated by kinase-dependent mechanisms, we hypothesized that cardiac hypertrophy by H11 may be mediated by a kinase-independent mechanism. Transduction of Ad-H11-KI dose-dependently increased protein/ DNA content in cardiac myocytes ( Figure 5A ), whereas that of Ad-LacZ did not, suggesting that H11 has a kinase-independent prohypertrophic function.
To elucidate the signalling mechanism mediating hypertrophy by H11-KI, we screened the activation of signalling molecules in response to overexpression of either wild-type H11 or H11-KI. Transduction of wild-type H11 moderately increased phosphoAkt (Ser 473 ) at MOI = 3-10, but not at higher doses ( Figure 5B ). In contrast, transduction of Ad-H11-KI dose-dependently (up to MOI = 100) increased phospho-Akt ( Figure 5C ). Ad-H11-KI dose-dependently increased Thr 308 phosphorylation of Akt, whereas Ad-H11 moderately increased Thr 308 phosphorylation of Akt, reaching a peak at MOI = 10 ( Figure 5D ). Increase in Akt phosphorylation by H11-KI was inhibited by LY294002, a specific inhibitor of phosphoinositide 3-kinase, which is an upstream regulator of Akt ( Figure 5E ). Hypertrophy caused by H11-KI was significantly suppressed in the presence of LY294002 ( Figure 5F ). These results suggest that activation of Akt may play an important role in mediating cardiac hypertrophy stimulated by kinaseindependent mechanisms of H11. Since the hypertrophy arm of the H11 signalling mechanism involves Akt, a cell-survival kinase, we next examined whether inhibiting the signalling mechanism mediating hypertrophy manifests the proapoptotic effect of H11 at lower concentrations. In fact, proapoptotic mechanisms of H11 became apparent even at MOI = 3 in the presence of LY294002 ( Figure 5G ). These results are consistent with the notion that the mechanisms stimulating hypertrophy and apoptosis are co-activated, with hypertrophy predominating at low levels of H11 overexpression. 
CK2 interacts with H11
Several sHsps are phosphorylated by CK2 [28] [29] [30] and physical interaction between Hsp90 and CK2 has been demonstrated in [22, 30] . We therefore examined whether H11 interacts with CK2. To this end, we overexpressed H11myc in myocytes, and CK2α (α subunit of CK2) was immunoprecipitated. Immunoblot analyses using anti-myc antibody indicated that a faint band comigrating with H11myc was detected in the CK2α immunoprecipitates when myocytes were transduced with Ad-H11myc at MOI = 3. A stronger H11 band was detected when CK2α immunoprecipitates were prepared from myocytes transduced with Ad-H11myc at MOI = 30. H11 was not detected when myocyte lysates were subjected to immunoprecipitation with an irrelevant antibody, such as anti-p53 antibody ( Figure 6A, left panel) . To confirm physical interaction between H11 and CK2α, we conducted reciprocal co-immunoprecipitation experiments. Cell lysates from myocytes transduced with Ad-H11myc at MOI = 30 were subjected to immunoprecipitation with anti-H11 antibody, followed by immunoblot analyses with anti-CK2α antibody. A band co-migrating with CK2α was detected in the immunoprecipitates with anti-H11 antibody, but not with anti-p53 antibody ( Figure 6A, right panel) .
To examine the functional consequence of the H11-CK2 interaction, we measured the kinase activity of CK2 in myocytes transduced with Ad-LacZ, Ad-H11 or Ad-H11-KI, using immunocomplex kinase assays. Overexpression of H11 or H11-KI did not affect the protein expression of CK2α or CK2β (Figure 6B) . Transduction with Ad-H11 dose-dependently inhibited the activity of CK2, whereas transduction with Ad-LacZ or Ad-H11-KI failed to inhibit it ( Figures 6B and 6C) . Dose-dependent inhibition of CK2 activity was also observed in the presence of DRB, a potent and selective inhibitor of CK2, as expected (Figure 6C) .
Inhibition of CK2 induces cardiac myocyte apoptosis
Since CK2 has anti-apoptotic effects in cardiac myocytes [10] , inhibition of CK2 may mediate proapoptotic effects of H11. To determine whether inhibition of CK2 promotes apoptotic cell death under our experimental conditions, we examined the effect of DRB on cardiac myocyte death. DRB dose-dependently induced cytoplasmic accumulation of mono-and oligo-nucleosomes in cardiac myocytes ( Figure 7A ). DRB also induced cleavage of caspase 3 ( Figure 7B ), suggesting that DRB induces cardiac myocyte apoptosis. Owing to the fact that both transduction of H11 and treatment with DRB caused inhibition of CK2 and induction of apoptosis, we examined whether they have additive effects on cardiac myocyte apoptosis. Co-application of Ad-H11 and DRB failed to show additive effects on apoptosis ( Figure 7C ), suggesting that they induce apoptosis through a common mechanism, namely inhibition of CK2.
DISCUSSION
Our results suggest that moderate expression of H11 induces hypertrophy through a kinase-independent mechanism, whereas higher levels of H11 expression stimulate apoptosis through a kinase-dependent mechanism in cardiac myocytes. H11 physically interacts with CK2α, thereby inhibiting the kinase activity of CK2, which in part mediates cardiac myocyte apoptosis.
We have previously shown that the total protein content of cardiac myocytes was increased when Ad-H11 was transduced at MOI = 3 [24] . Interestingly, an increase in the protein content, myocyte size or actin organization was not observed at higher doses of H11 and apoptosis became apparent instead. H11 has cell-proliferative effects in HEK-293 cells (human embryonic kidney 293 cells) [16] , while it exhibits proapoptotic effects in melanoma cells [15] . Thus the effect of H11 on cell growth and death is cell-type-dependent. The effect of H11 on cell growth and death is also dose-dependent. Such a coexistence of dosedependent dual functions of H11 within a single cell type has not been reported previously. Furthermore, no other kinases in the heart have dose-dependent and dual hypertrophic and proapoptotic functions. Interestingly, hypertrophic and proapoptotic actions of H11 are mediated by distinct signalling mechanisms. This may in part explain the complex outcome of H11 overexpression reported so far [15, 21, 24] .
Although H11 was initially identified as an oncogenic serine/ threonine kinase homologous with the protein kinase domain of ICP10 [16] , H11 also has sequence similarity to sHsp family members, such as αB-crystallin and, thus, is also designated as HspB8 [20] or Hsp22 [21] . Although H11 is capable of phosphorylating a substrate in an Mn 2+ -dependent manner [16] , protein phosphorylation may not be the primary function of H11 [21, 31] . In the present study, we showed that H11-KI failed to stimulate cardiac myocyte apoptosis. Thus the proapoptotic effect of H11 depends on its protein kinase activity. Interestingly, however, H11-KI also dose-dependently stimulated cardiac hypertrophy. A higher level of hypertrophy is unmasked at high doses of H11 when apoptosis is inhibited. These results suggest that H11 does possess a protein kinase-independent function that induces cardiac hypertrophy.
We speculate that Akt may be involved in H11-induced cardiac hypertrophy since Thr 308 /Ser 473 phosphorylation of Akt is enhanced when H11-KI is overexpressed. Cardiac hypertrophy induced by H11-KI is inhibited in the presence of LY294002, which also blocks the activation of Akt by H11. Association between Akt and Hsp27, another sHsp, enhances the activity of Akt [32] . Since H11 and Hsp27 interact with each other [32] , the function of H11 as a chaperone for complex formation between Akt and sHsps may stimulate Akt.
Many members of the sHsp family, including Hsp27 and αB-crystallin, are phosphorylated by serine/threonine kinases, including MAPK (mitogen-activated protein kinase)-activated protein kinase 2, extracellular-signal-regulated kinase, protein kinase A and CK2 [33] [34] [35] . sHsps, including Hsp27, Hsp90 and Hsp105, are either co-activated with or directly phosphorylated by CK2 in response to stress [28] [29] [30] 36] and physically associate with each other [30] . In the present study, we demonstrated that H11 and CK2 physically interact with each other. Overexpression of H11 dose-dependently inhibited the protein kinase activity of CK2, whereas that of H11-KI had no effect. Thus H11 inhibits CK2 through a kinase activity-dependent mechanism. Phosphatase treatment enhances the kinase activity of CK2 [37] . Whether or not H11 directly phosphorylates CK2 and, if so, whether such a direct phosphorylation of CK2 by H11 negatively regulates the kinase activity of CK2 remains to be elucidated.
CK2 plays a cell-protective role in several cell types [10] . Treatment of cardiac myocytes with DRB, a CK2-specific inhibitor, induced apoptosis. Thus inhibition of CK2 by H11 may induce cardiac myocyte apoptosis. In fact, DRB and H11 failed to exhibit additive effects on cardiac myocyte apoptosis, suggesting that H11 and DRB utilize a common mechanism for myocyte apoptosis, namely inhibition of CK2.
H11 interacts with Hsp27 and other sHsps [21, 22] and antiapoptotic molecules [23] . Thus H11 may promote apoptosis by negatively affecting the anti-apoptotic effects of other sHsps. Alternatively, hetero-oligomeric complex formation of sHsps can potentially be regulated by the phosphorylation of sHsps [21] . H11 may affect the oligomerization of sHsps by affecting the phosphorylation of sHsps through its regulation of CK2. Further investigation will be necessary to elucidate the mechanism of promotion of apoptosis by H11.
Attenuated increases in protein content or DNA content by high doses of wild-type H11 were accompanied not only by increases in apoptosis but also by cessation of the increases in cell size ( Figure 1A ). The cellular mechanism by which H11 fails to induce hypertrophy at high doses is currently unknown. Interestingly, high doses of wild-type H11 failed to enhance the phosphorylation of Akt (Thr 308 /Ser 473 ). It is possible that the protein kinase activity of H11 negatively affects the chaperone activity of H11, (A) Cardiac myocytes were transduced with Ad-H11-myc ('H') or control Ad-LacZ ('C'). Cell lysates were subjected to immunoprecipitation (IP) with an antibody against CK2α, H11 or p53. The immunoprecipitates were then subjected to immunoblot analysis with anti-c-myc (9E10) antibody (left panel) or anti-CK2α antibody (right). Asterisk indicates the H11myc co-immunoprecipitated with CK2α. NT, no transduction; WB, Western blot. (B, C) Myocytes were transduced with Ad-LacZ, Ad-H11 or Ad-H11-KI at MOI = 100 for 48 h; 24 h after transduction, myocytes were treated with DRB at the indicated concentrations for 24 h. The kinase activity of CK2 was evaluated by immunocomplex kinase assays using casein as a substrate (B, top panel). A part of the cell lysate was subjected to immunoblot analyses with anti-CK2α, CK2β, H11 and α-actin antibody, showing that comparable levels of CK2 (α and β) are expressed and that H11 or H11-KI is overexpressed. (C) Phosphorylation of casein was quantified by densitometric analysis. The value from myocytes without adenovirus transduction or DRB was designated as 1.0. Each bar represents the mean for three experiments performed in duplicate. NT, no transduction. *P < 0.001 versus NT. n.s., not significant. thereby inhibiting Akt. Whether or not inhibition of CK2 and/or activation of the endogenous negative regulators of hypertrophy is involved in this process remains to be elucidated. We have shown that Mst1 (mammalian sterile 20-like kinase 1), a proapoptotic kinase, negatively regulates cardiac hypertrophy [7] . Thus direct coupling may exist between proapoptotic and antihypertrophic mechanisms in cardiac myocytes.
The mechanism of activation of H11 is not well understood. The specific protein kinase activity of H11 is not altered by stimulation with various hypertrophic or proapoptotic stimuli (M. Hase and J. Sadoshima, unpublished work). Protein expression of H11 is low in cancer cell lines [15] , whereas H11 is up-regulated by myocardial ischaemia [14] and heat shock [15] . Although the low to moderate activity of H11 in cancer cells and cardiac myocytes subjected to mild stress may be growth-stimulatory, higher levels of H11 expression in response to some types of stress may stimulate cell death. It will be important to understand the mechanism regulating mRNA/protein expression of H11, which potentially plays an important role in determining whether cardiac myocytes should grow or die under various pathophysiological conditions. We thank D. Zablocki (Department of Cell Biology and Molecular Medicine, University of Medicine and Dentistry of New Jersey) for a critical reading of this paper. This work was supported by grants from the National Institutes of Health (grant numbers HL59139, HL33107, HL33065, HL65182, HL65183, AG14121, HL69020, HL67724 and HL67727) and American Heart Association (grant numbers 9950673N, 0940123N and 0325409T).
